;e3e26. ./ $1P2X565T26q Description TITANI A FI LM COATED POADER AND PROCESS
FOR PRODUCI NG THE SAME Technical Field The present invention relates to a

titania fil mcoated powder and a process for producing th

particularly, the invention relates to a titania flln}coat ﬂ able
for various purposes such as photocatal yst powders, plgnen e s col ored
in blue or purplish red for use in color inks or color toners ?5 | er

powders for plastics or paper, and powders for cosnetics,
for producing the same. Background Art Hitherto, the present m‘%mbﬂmm @ ave
devel oped and discl osed a nmet hoHe8FfréBFdPPng a bl ack magnet i

coating the black magnetic powder with an interference f|In1co
silica/titania (hereinafter referred to also as titani um oxide) (e g
JP- A- 10- 330644). The inventors have further devel oped and di scl osed nethods
for coallR3NBASEI P4rCPRTER PQWDER) AND RROCESS BORORIRODYE ING T HE S2MEa il m
whi ch include : a nethod of coating with a titania (hereinafter referred to
also as titaniumoxide) filmin a |iquid phase by the hydrolysis reaction
of a netal al koxide (e . g. , JP-A-6-228604 ) ; and a nethod of coating

wi th a TetaniomllFieddi de filmin a liquid phase by the neutralizing

hydrol ysis reaction of a netal salt using a titanyl sulfate solution (e.g.,
JP- A- 2000- 34507R% .pBesérde S rivieedd ora redited bd & daittiargl aniftiil merdoattassi um oxi de
filmin a liquid phase by the thermal hydrolysis reaction of a netal salt
usi ng apbiwbari A b\Aradd sy F8e preldidiony (ke sdme .JRMér 628G AIR)1 drdsy ,been

di scl osed. Incidentally, the nethods of coating with a titaniumoxide film
or the lhkeiwheaRiBaveePeeasdey el opeehbya the resaidd ighieidonsdpaee vari ous
problems. In the case where a nmetal alkoxide is used as a feed material for
a titanisP Q4irdeuaoahuirpe skisl Buchhere M Reen vioRFifes r ,0Mp i e, that
since the hydronS|s reaction of the netal al koxide proceeds exceedingly

rapi dly o rrseégtlestYﬁt@ﬂhéW'ﬁﬁﬂ aptreat rarcQBst Rtcd BPaatdre and a
onstanp hunldlty, that the netal "al koxide used as a feed material is

expensi ve, gt IC%]Lts,' St [IRCESSEhYele ESE Bia@t&%@cro'ro’baiﬁ@r\/erﬁncﬁn

organi ¢ sol vent I's a hazardous substance, e.g., an I'cohol, and the

cost of ﬁ?&(’%o%%c%_rp&pﬂe Gl PURAL L Q'a ?8cgls§ef xspfiiog,i*&m% the oifer hand,

t he net oati ng mn a tltanlu oxlI de f| min I 1 quid phase by the
neutralizing hydrolysis reaction of a netal salt has a drawback that the
base particle suspension becones acidic in an initial stage or final state
of the Efa tion. (fgxthernore the nethod of coating with a titanium oxide
filminB29NGaH DAY by the thermal hydrolysis 2 reaction of a neta

ﬁ?gL Pgipgrgiﬁﬁggﬁ h?LE %gpﬁgggn aé%é%pngr%fﬁﬁ aI??F§§I§h10XI ediflﬁfby
Egeuggut aldyz] r%b@é\&t oéh iﬁo g%ﬁilpgnrﬁ giackrlrrg[g%letsl%l ééwder%% c?ae@fhnf“ fficult
the black magnetic powder with an interference film comprising
silica/titania (hereinafter referred to also as titaniumoxide)
(e.g., JP-A-10-330644).

The inventors have further developed and disclosed
methods for coating base particles, e.g., an iron powder, with
atitania film, which include: a method of coatingwith a titania
(hereinafter referred to also as titanium oxide) film in a
liquid phase by the hydrolysis reaction of a metal alkoxide
(e.g., JP-A-6-228604); and a method of coating with a titanium
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corrodible in acid environnents, or the like as the base. D sclosure of the
I nvention The invention, which is to overcone the drawbacks of the

rel ated-art techni ques descri bed above, hence provides a titania

fil mcoated powder which is safe and i nexpensive and for which an iron
powder, which is highly corrodible in acid environnments, or the |ike can be
easily used as the base. The invention further provides a process for .
produci ng the coated powder. As a result of intensive investigations, the

present inventars have succeeded in elimnating thaose prqble by enpl oyi ng
the fol P&dg fFedms ity @ i .ldl\la‘a%é'ﬁ?, Hshd e ASRLGH 17 gk Ym%sw) A

titania fil mcoated powder conprising a base particle having provided
t her eon TR2AtdRS O bRemet o hrfad Y R I \ihbt BRRYE el lifade patulérs (& Toated with
the titania filmby suspending the base particle in a buffer solution
havi ng dPpA-@00Gah0 & )t.0 Besddes Sbesen a sespedsiodn coatdraddiing 3  a
hydr ogen peroxi de-anmoni a m xture sol ution containing peroxotitanic acid to
t he suspehstanitn oxticleebylmdgud dtiqud diphiass byddposherval reattdlgrsiisnduced by
deconposition of the peroxotitanic acid in the suspension. (2) The titania
fil mcoateedtpjondef anetrdi swl t asting abdwan{ili (IMeckloride dvldrtoigen
peroxi de-anmonia m xture sol ution containing peroxotitanic acid has a pH of
from?7. Oet.g.}2.0P-A-5H~ 2867 38)t drdsa Hddmmdiaatledgaawder according to the above
(1), wherein the titania filmon the base particle has a thickness of from
10 to 1, 000 nnint4ieAtpl0§eshkomethodisCioTy caatinaniva tfh |anciedredinpowder
oxide film or the like which have been developed by the present
inventors have various problems.

In the case where a metal alkoxide is used as a feed
material for a titanium oxide coating film, there have been
problems, for example, that since the hydrolysis reaction of
the metal alkoxide proceeds exceedingly rapidly, the reaction
system should be kept at a constant temperature and a constant
humidity, that the metal alkoxide used as a feed material is
expensive, and that it is necessary to use as a reaction solvent
an organic solvent which is a hazardous substance, e.g., an
alcohol, and the cost of explosion-proof equipment or the like
is high.

On the other hand, the method of coating with a titanium
oxide film in a liquid phase by the neutralizing hydrolysis
reaction of a metal salt has a drawback that the base particle
suspension becomes acidic in an initial stage or final state
of the reaction. Furthermore, the method of coating with a

titanium oxide film in a liquid phase by the thermal hydrolysis
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conprising a base particle having provided thereon at | east one titania
film which conprises suspending a base particle in a buffer solution
having a pH of from7.0 to 12.0 to obtain a suspension, and adding a

hydr ogen per oxi de-anmoni a m xture sol ution contai ning peroxotitanic acid to
the suspension to thereby regulate a titania deposition reaction induced by
deconposition of the peroxotitanic acid in the suspension, and to coat the
base particle with a titania film 4 (5) The process for producing a

titania fLloEcoat p ndin o_the abgve (4),,wherein the hydrogen
peroxide-annnn?g(ﬁgft@%gggosﬁf?gﬁﬁ%%n@ﬁ?%ﬁﬁﬁgﬂgng%@%tQﬁ?@ %%?Blﬁﬁi a pH of
from7.0 ( The_process for, producing a titania fil mcoated
powder a%%% %%%go?og%ﬁ%m%%o%%l hs,aah%f%'nt?mﬁé%?¥%ﬁﬁ%ffiln1on t he base
particle has a hiqiness of frgn110 to 1,000 nm The titania filmcoated
powder and t he Bt ocdSsPEEROPr BHuEPRGIPAe WadRe BoftitfR iy it idm Rble
advantagﬁs Ehat a filf}forning reactjion can be conducted at an ordinary
t enper at oY e"RF PFORT 311 61BH VTP LY kb pF PRChidaset parteeal sukpension in a
neutral or weakly alkaline state with a pH of from7.0 to |2.0, and that
even wheh?anPPedn Pdkdenl tuicciises am ghrgncoordeirbl evhiichacisl Bhghlynnent s,
or the like is used as a base, this base can be coated with a film w thout
al t eri ngCeReCHEREe uraabd norEl ropmemes ¢ | eanile f11 ke cont el poasker and
process for producing the sane of the invention, bases which dissolve away
under acid conditions wth a pH of 5 or lower, such as, a. g . , calcium
carbonate, can be used as the base particles

Disclosure of the Invention

The invention, which is to overcome the drawbacks of

the related-art techniques described above, hence provides

a titania film~coated powder which is safe and inexpensive

and for which an iron powder, which is highly corrodible in

acid environments, or the like can be easily used as the base.

The invention further provides a process for producing the

coated powder.

As a result of intensive investigations, the present
inventors have succeeded in eliminating those problems by

employing the following constitutions.

Namely, the invention is as follows.

(1) A titania film-coated powder comprising a base
particle having provided thereon at least one titania film,

wherein the base particle is coated with the titania
fihnbysuspendingthebaseparticle:Ulabuffersolutionhaving

a pH of from 7.0 to 12.0 to obtain a suspension, and adding
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besi des iron powders and the |ike which are highly corrodible in acid
environnents. 5 Brief Description of the Drawings Fig. 1 is an
illustration showi ng spectral reflectance curves for the titania
filmcoated permall oy powders obtained in Exanple 1. Fig. 2 is an
illustration showi ng spectral reflectance curves for the titania
filmcoated iron powders obtained in Exanple 2. Fig. 3 is an illustration
showi ng spectral reflectance curves for the pernall oy powders coated with a
silica/titanja two-layer filmobtained in Exanple 3. Best Mde for Carrying
Qut t he & AYEHOISR PeE rdsie jeamandiae mig thie eused Utd. gir soudidg itige titani a
filmcoated powder o f the invention are not particularly limted The base
parti cl ®snexp tidaa ireealid det dihe sepsipeovsgam ¢ ardthariedly oregar adregani ¢
material, or nmay be any of a magnetic material, dielectric material,

conduct ibieg ametae dieglos litnsuwl atdang imat emidalcedand, tdeedrigos i Hirort ke cdse where
the base is a netal, it my be any netal such as, e.g., iron, nickel,

chr om umpe roxcariitamicoracdldunimnuhe Hawpesrsidm t he case where the magnetic
properties of a base are to be utilized, it is preferred to use one which
can have magnetic properties, e.g., iron. These netals may be alloys . In
the case where a base having nagnetic properties is used as stated above,

it preferably i(g)a figsroimegned i £i pht@yat&d powder according to the
above (1), wherein the hydrogen peroxide-ammonia mixture

solution containing peroxotitanic acid has a pH of from 7.0

to 12.0.

(3) The titania film-coated powder according to the
above (1), wherein the titania film on the base particle has

a thickness of from 10 to 1,000 nm.

(4) Aprocess for producinga titania film-coated powder
comprising a base particle having provided thereon at least
one titania film, which comprises suspending a base particle
in a buffer solution having a pH of from 7.0 to 12.0 to obtain
a suspension, and adding a hydrogen peroxide-ammonia mixture
solution containing peroxotitanic acid to the suspension to
thereby regulate a titania deposition reaction induced by
decomposition of the peroxotitanic acid in the suspension,

and to coat the base particle with a titania film.



In the case where the base of the powder is a netal conpound, typical
exanpl es thereof include oxides of the aforenentioned netals . For exanple,
use may be nmade of oxides of iron, nickel, chromum titanium alum num
silicon, and the |ike, oxides of calcium magnesium barium and the |ike,
or conposite oxides of these. Exanples of netal conpounds other than netal
oxi des include netal nitrides,' netal carbides, netal sulfides, netal
fluorides, netal carbonates nmetal phosphates, and the Iike Furthernore, a
base particle zg f beS|des metallic ones is co ounds 8€rt|cular

oxi des, carbid he\i PFPERSS bPT Rty otad arthoet af s e silica
and glass beads. O her usable inorganic materials |nclude i norgani ¢ hol | ow
parti cl OWAfth agCoRding F Ao RO ol ow Eiaieid ERsamydiassn hol | ow
carbon m crospheres (Kreca Sphere), fused alum na bubbles, Aerosil, white
car bon, BfHqxesidumenid drigephe @lmqmwmﬂmmmt@ﬁﬁmspher es,
caIC|un1carbonate perlite, talc, bentonite, mcas such as synthetic mca
and comestid dws lkeagt mf afwbnt e 4 itie.12Pref er r ed organic materials are resin
particles. Exanples of the resin particles include cellul ose powders,

cel lul ose acetate powders, polyam des, poxy resins, polyesters, nelam ne
resins, polyurethanes, vinyl acetate resins, silicon resins, and spherical
or crushed part(6¢l eshebpronesds byot herpohyieygi Zatibanba copelyortédati on of
acrylic esters, 7 met hacrylic esters, styrene, ethylene, propylene, and
deri vat ipmsidhereefrditspen ally gu@ierrad rasdrepartic|eistaren spiedi cal
acrylic resin particles obtained by the polynerization of acrylic acid or a
met hacr yri ciesteise Psailas ofst Retsharaegk blerbasel bneb udeospheri cal

bodi es, near | yspheri cal bodi es, i sotropi c bodies, e.g., regular pol yhedrons,
rectangul ar parall el opi peds, spheroids, and pol yhedrons such as

r honbohedr ons, platy bodies, and acicul ar bodies (cylinders and prisns).

Powder s nade uppef ﬁle\{atﬂfé emﬁl @Qaﬁé&ebl&éz ot et aknShaRe.ceyiche@s crushed

particles, are also usable. Although thése bases are not particularly

limted iy Pl gl endi aaRt el s kh@ylpﬁv@m 1ahl yhave & Rardddd eiangter in

the range of fromO0.01 umto several l'imeters.

film-formingreactioncanbeconductedat anordinary temperature
of from 5 to 50°C while keeping a base particle suspension
in a neutral or weakly alkaline state with a pH of from 7.0
to 12.0, and that even when an iron powder, which is highly
corrodible in acid environments, or the like is used as a base,
this base can be coated with a film without altering the base.

Furthermore, in the titania film-coated powder and
process for producing the same of the invention, bases which
dissolve away under acid conditions with a pH of 5 or lower,
suchas, e.g., calciumcarbonate, canbeusedas thebaseparticles
besides iron powders and the like which are highly corrodible

in acid environments.



The buffer solution to be used for suspending base particles therein in
producing the titania fil mcoated powder of the invention is not
particularly limted as long as it is a neutral or weakly al kaline one
having a pH of from7.0 to 12.0. Exanples thereof include tris systens,
boric acid systens, boric acid salt systens, phosphoric acid systens,
phosphoric acid salt systens, glycine systens, carbonic acid salt systens,
and the |ike. The hydrogen peroxi de-ammoni a m xture sol ution contai ning

per oxot it ani cid tq be us in producing the titania fil mcoated powder
of the iéﬁ/%%filgehscfrslp%o]torbaorfteﬂaﬁ aﬁ)ﬁ%’}% ted. It is, however, preferred
that this squ%Lon ?ave a hi.gher 8t.H§F %han t he bu%fe; sq%#tion i n which
base particl es "a% ol%é“bdégéﬁﬁéa.l AOQYLIREr SREEbEP I Mg tHRE W XS Tr e
solution are not particularly |limted. Exanpl es_thereof include the

fol | owi FPMERhIARE. Tpe) thEarthdd in SRatas RerBad LRyt BPVART §etRr 2t 1
titani um hydroxi de upon m xing with amonia water only (hereinafter
referred® E¥®L&sl +itani um source) , such as a titanium al koxi de,
titaniumchloride solution, or titaniumsulfate solution, is mxed with
ammoni a wat er d&id-ald berEbdd Insdreddenpehowiine speotrah rofleekangedirect!y
prepare the m xture solution. The valence of the titaniumin the titanium
sour ce toupeesistelr ithe hiel tan hodf desorddieetl above pewederts |¢ptabgedoind, and
may be 3 . For exanple, titanium( I 1 |1 ) chloride can be used. (2) A
met hod iExawplé &. commerci al product in the formof a yellow transparent
sol ution already containing peroxotitanic acid, such as trade nanme "New TAS
Fi ne", manuf actiirged3bys Rt uldhis tGhemiiccakhbathagaspecesalltaflectahecade nane
"PTA Sol ution",

curves for the permalloy powders coated with a silica/titania

two-layer film obtalned in Example 3.

Best Mode for Carrying Out the Invention

The base particle to be used in producing the titania
film-coatedpowderofthe inventionarenotparticularlylimited.
The base particlesmaybe ametal-containing inorganicmaterial
or an organic material, or may be any of a magnetic material,
dielectricmaterial, conductive material, insulatingmaterial,
and the like. In the case where the base is a metal, it may
be any metal such as, e.g., iron, nickel, chromium, titanium,
or aluminum. However, in the case where the magnetic properties
of a base are to be utilized, it is preferred to use one which
can have magnetic properties, e.g., iron. These metals may
be alloys. In the case where a base having magnetic properties

is used as stated above, it preferably is a ferromagnetic alloy.



manuf act ured by Tanaka Tensha based on Japanese Patent No. 2, 938, 376, is
m xed with anmoni a water and an aqueous hydrogen peroxi de solution to

t hereby prepare the m xture solution. In producing the titania fil mcoated
powder of the invention, the hydrogen peroxi de-amonia m xture solution 9
contai ning peroxotitanic acid is added to the suspension of base particles
to conduct a titania deposition reaction, which is induced by the
deconposition of the peroxotitanic acid. The reaction tenperature in this
operation is nqt rticularly limted. On the contrary, .an advantage of the
i nvention resiggg%%ﬁ CRSE PRETE (HRer HRfeng Ir &86t POWIEEN e & difdddt ed at an
ordinary tenperature of from5 to 50C whil e keeping the base

parti cl StRFRNAI DN TP e rFaIP s idwisp g hyie stdenioh BhoH of from
7.0 to 12.0. In the invention, the titaniumoxide filmfornmed by the
deconpost fxrmendzianesh netad sper BRbt¢%amn ke cegphay kamase déposidesl as a
transparent filmin conbination with one or nore transparent filnms of a

met al  hyelf okiete, mietksl oxdhieomigmi hel tarkism o aheviebynf o3l beamatamg il m
conposed of two or nore layers. In this case, by regulating the thickness
of each theydriksf, oheédmsl £l aykcidncosgreg ifud mb@Eriilum,| ayer shehithecover the
base particle and are capable of participating in light interference), a
speci al duncdnmwes Lo dreidepasf echedor @xamplles ladsediart i w\ids coat ed
with many | ayers conprising the titania filmand filnms of one or nore other
subst anceshéo thahmetd gbkidateriel ede terullin i eyedes, taita1f ¢4 idbss,

w t hout using any pignent or dye, the powder can be colored in a desired
bri ght thétabasers deyaved €0t fr st £edd Vand t ANt cd B bEELON metal
phosphates, and the like.

Furthermore, a base particle usable besides metallic
ones is compounds, inparticular, oxides, carbides, ornitrides,
of metalloids or nonmetals, such as silica and glass beads.

Other usable inorganic materials include inorganic hollow
particles such as Shirasuballoons (hollowsilicate particles),
hollowcarbonmicrospheres (KrecaSphere), fusedalumina bubbles,
Aerosil, white carbon, hollow silica microspheres, hollow
calcium carbonate microspheres, calcium carbonate, perlite,
talc, bentonite, micas such as synthetic mica and commonmica,
kaolin, and the like.

Preferred organic materials are resin particles.
Examples of the resin particles include cellulose powders,
cellulose acetatepowders, polyamides, epoxyresins, polyesters,
melamine resins, polyurethanes, vinyl acetate resins, silicon
resins, and spherical or crushed particles obtained by the
polymerization or copolymerization of acrylic esters,

7



10 In this case, it is necessary to select beforehand the material of
base particles, shape of the base particle, particle dianmeter of the base
particle, nunber of coating |layers, sequence of deposition of the coating

| ayers, material of each coating |ayer, and desired wavel ength of reflected
light. In particular, to select the materials of base particles and of
coating layers neans to specify the conplex indexes of refraction of these.
To specify the conplex indexes of refraction of the base particle and the
coating layers is related to the calculation of the coefficient of Fresnel
ref | ect PEYIISSTMES 15 Sty e BS Vaed a-h & htlensit Prepydepet @@¢ refl ection
between the layers . There are cases where selection of a base particle
shape r ésWitvatiyashdheaeedsi t fsppcipélyopreéersadbasednonaphicil€fe shape
which will be described |ater. By selecting a particle dianmeter of the base
particl @ret sphauricatlueey ydfia he sigs e ardritdlelse odrta igfect My rhlleti | ayered film
are specified. In case where the curvatures thereof are not specified, it

i s diffipodlymetrd z2adridocto fi ke rgdriree@diah cof as pedthaaptydtiametstier .pr operti es for
filmthickness nonitoring which will be described |ater. To select the

nunber of coat ERgmpayer &fi Theel gk t Of SprREi bykag ihka uwdal uptafriRidiat whi ch
W Il be described later. In the case where the base particle are a fl at

platy myetiled, néfel puphikayel eddiddn 1edd eadiOBodnbenei. gy  Ridatlds
determ ned 11 by introducing the values of the material of base particles

(conpl expdingRding ef keethadhlaruphern10E1682pEASY, | ayshsro s@gHensey of
deposition of the coating |layers, materials of the respective coating

| ayers (Lorplaxdidexes 9 fr%xﬁ@&&é@fams,agqa(igﬁbbaﬁiewvghsr@éfb@iaf efl ect ed

| i ght whi ch have been sel ected be forehan
bodies (cylinders and prisms). Powders made up of particles

of an utterly irregular shape, such as crushed particles, are
also usable. Although these bases are not particularly limited
.in particle diameter, they preferably have a particle diameter
in the range of from 0.0l pm to several millimeters.

The buffer solution to be used for suspending base
particles therein in producing the titania film-coated powder
of the invention is not particularly limited as long as it
is a neutral or weakly alkaline one having a pH of from 7.0
to 12.0. Examples thereof include tris systems, boric acid
systems, boric acid salt systems, phosphoric acid systemns,
phosphoric acid salt systems, glycine systems, carbonic acid
salt systems, and the like.

The hydrogen peroxide-ammonia mixture solution
containingperoxotitanicacidtobeusedinproducing thetitania
film-coated powder of the invention isnot particularlylimited.

It is, however, preferred that this solution have a higher
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into the follow ng recurrence formula 1 and solving the formula. ( Formul a
1) ~r~+~ + R-,~ 1 exp(-2i8 ~1 +r~ .uR~~~ exp(-2i8 ~ 28~ = 4~ n~d~
cos~3 ( In the formula, R +1, j : anplitude reflection intensity between
the "j"th layer fromthe |lowest |ayer "and the |ayer directly overlying the
sanme, j: integer of 1 or larger (j-1=0 indicates the base), i: imaginary
nunber unit, rj+1,~ . Fresnel reflection coefficient for the interface
between the "j"th Iayer fron1the | owest | ayer and the layer directly
overlyln t he sane, anplitude reflection |ntenS|ty bet ween t he

"j - 1"t h Rthy 13T i tmﬁﬁeowv@ﬁlqtdw Endhigd bagsr Pantd@laf @k 188 ng the
sane, 2b~: phase difference in the "j"th layer fromthe | owest |ayer, 12
~, : desifedusRAtdatth of reflected 1ight, n~: conplex index of refraction
of the "j"th layer fromthe |owest |layer, d~ : thickness of the "j "th
| ayer fromthe GGW@§§Iﬁ%&ﬁpr%m@¥én@ftheQﬁuﬁhu¥Qk#@bubﬁomhérﬂ'nqtlayer
fromthe | owest layer.) Methods for correcting the thus-obtained value of
mul til ayard-dulankefisdtedn | Bxanpley tRdrsof hasdddenthbdefsHapeind t he
base particle are not particularly limted. However, in the case where the
particl enestthaybs i s spherical, nearly spherical, or irregular, a preferred
method is to introduce the value of Rflat. into the followng formula 2:
(Formula 2) ~~~.) _ ~sin 2e ~ ~~~,, ~h,e~" d9 (wherein A indicates the
angl e of incidence to the outernost

(1) A method in which a feed material generating titanium
hydroxide upon mixing with ammonia water only (hereinafter
referredtoalsoastitaniumsource), suchasatitaniumalkoxide,
titanium chloride solution, or titanium sulfate solution, is
mixed with ammonia water and an aqueous hydrogen peroxide
solution to thereby directly prepare the mixture solution.
The valence of the titanium in the titanium source to
be used in the method described above is not limited to 4,

and may be 3. For example, titanium(III) chloride can be used.

(2) A method in which a commercial product in the form of a
yellow transparent solution already containing peroxotitanic
acid, such as trade name “New TAS Fine”, manufactured by Furuuchi
Chemical Laboratories, Ltd., or trade name “PTA Solution”,
manufactured by Tanaka Tensha based on Japanese Patent No.
2,938,376, is mixed with ammonia water and an aqueous hydrogen
peroxide solution to thereby prepare the mixture solution.
In producing the titania film-coated powder of the

invention, the hydrogen peroxide-ammonia mixture solution

9



| ayer) and determ ne the thickness of each coating |ayer so that the val ue
of R (~,) becones maxi numor m ninum at the desired wavel ength. To

i ntroduce the value of Rfiar into fornula 2 neans to correct the solution
of fornmula 1 by approximating the distribution of angles of |ight incidence
on the multilayered-filmcoated powder to the distribution of angles of

I i ght incidence on one coated hem sphere. 13 The determ nation of the

t hi ckness of each coating | ayer descri bed above can be efficiently
acconplisheﬁ?thnough a similation wiith a conputer. Subsequently, each
coating FPRHPLELIREpBErPEAtohaRhE BEdE parefdrd Eo hbet suppensionnofhe film
thi ckness deternmi ned by the nethod described above. However, the follow ng
shoul d bB2ABIRAL t1¢l e taceomfuet 1antdépadiat derp vkt e immadtdomr sdachng a

mul tilayered-filmcoated powder, it is inpossible to conduct film
deposi ti 6f fbduced bhethfi drnespoastdesi ghiethahpeeodptétahycmnitoring the
actual filmthickness, as stated above. In view of this, use nay be made of
a nmet hodTha n¢achiom tempes aglinepin tidringpkirbmibhi t&megspdutinglarly

fil mdepositing operation, the wavel ength at which the reflection intensity
for the bbjnétedcoated with each coating layer is maximumor nminimmis
nmeasured with a spectrophotoneter, and at the tine when the wavel ength for
maxi mum or m niGmnrefoattiaely,r eAchesant ¥gb ULE GOId espendiide testhest ar get
filmthickness, the filmdepositing operation is term nated. However, in

t he caseiwmmatthefba&efb&m@n@%@&ﬁtidﬁ@aﬁ@é%@ﬁﬁ@@f@d%%Qﬂ?@?d?ﬁgryound
m

val ue of the wavel ength for maxi numor m ninumreflection and fi
t hi cknesgembangearwi b themcsr vat soecofneashreegi hggrhayshseWhi ch depends

on the shape of the particles and the particle dianmeter . This poses a
probl emparticleuspension in a neutral or weakly alkaline state with
a pH of from 7.0 to 12.0.

In the invention, the titanium oxide film formed by
the decomposition reaction of a peroxotitanium complex can
be deposited as a transparent film in combination with one
or more transparent films of a metal hydroxide, metal oxide,
or the like to thereby form a coating film composed of two
or more layers. In this case, by regulating the thickness
of each layer of the multilayered coating film (film layers
which cover the base particle and are capable of participating
in light interference), a special function can be imparted.

For example, base particles are coated with many layers
comprising the titania film and films of one or more other
substances to forma light-interferencemultilayered thin £ilm.
Thus, without using any pigment or dye, the powder can be
colored in a desired bright tint based on wavelength-selective
light reflection.

10



that when filns are deposited so that the wavel ength for maxi num or m ni num
reflection nmeasured with a pectrophotoneter becones 14 the target val ue,
then the nmultilayered-fil mcoated powder finally obtained does not show the
desired reflection intensity at the desired wavelength. It is therefore
necessary to conduct correction based on the curvature of each coating

| ayer, which depends on the shape and di aneter of the base particle.

Met hods for this correction are not particularly limted. However, it is
preferred to uze % nmet hod which conprises: coating sel ected base particles
with each of séPeltdd €881 nyt 1L &ECesvadK draPet AFEKPREQERN Y fidie ng
gradationally to thereby obtain fil mcoated powders for particle dianmeter
correct it ek AL RRP S RBTAEELSF / tHhages<hedmysoPagidk1er RAE kvt i ng

| ayers of the filmcoated powders for particle dianeter correction

exam ni rigt aReEe T P Fhedea sRIPpERi el eninttibe Ispeepp bphotlavsirs: ITIWRNEE mi ne t he
optical thickness (nd) of each of the coating |ayers of each filmcoated
powder fof depasidiionicdnther ceatirdtliayersemarteiniiaigotfheacht¢@aning he
optical thickness (nd) of each of the coating |ayers of each filmcoated
powder flaygar tard edels aned eva colemgth onf toe f hectpraductht ndM of the act ual
t hi ckness of the coating |ayer and the real nunber term (n) of conplex

i ndex of refradiparticuler, to sdledMtiahbipkyang dheasatpor gl eV by
the value of 28] in recurrence formula 1 for determning nultilayered-film
refl ectiamdiof easatynyolagereCinebie e Gyeifot AR rddnpl opeitdescof the

powder having the coating |ayers; and depositing the coating | ayers so as
to resuldfirethecenst est eghspect rophot ometric properties. 15

To specify the complex indexes of refraction of the
baseparticleandthecoating layersisrelatedtothecalculation
of the coefficient of Fresnel reflection between the layers
and the intensity of amplitude reflection between the layers.

There are cases where selection of a base particle shape
results in the necessity of the correction based on particle
shape which will be described later.

By selecting a particle diameter of the base particle,
the curvatures of the base particle and of the multilayered
film are specified. In case where the curvatures thereof are
not specified, it is difficult to conduct the correction of
spectrophotometric properties for film thickness monitoring
which will be described later.

To select the number of coating layers is related to
specifying the value of Rfjar which will be described later.

In the case where the base particle are a flat platy material,

the multilayered-film reflection intensity Reiat is determined

11



I ncidentally, methods for neasuring the actual thickness (dM of each of
the coating layers of the filmcoated powders for particle dianeter
correction are not particularly limted. It is, however, preferred to
measure the thickness by exam ning sections obtained by cutting particles
of each filmcoated powder for particle dianeter correction. Use of
focusing ion beam (FIB) processing for the cutting of particles of the
filmcoated powders for particle dianmeter correction is preferred for the
measurenent, of the actual thigckness_( of each coating | ayer, because the
sections 3ér3em;:¥%dol‘?c.lr§lb@é%|u\§?1fll“§/s, %fn%%im%ﬁﬁe‘?’cﬁhl- f} rﬁac%%t owRS s
produced so that ,each coating film has the corrected spectrophotonetric
proper t i €$OTRt e APABY Ay I HEHEIHY ek T EGOabIRS. L FaT D aFRERGE a bri ght
powder colored in a desired tint bi/ coating with a light-interference

nul ti | ay®f 88PORiLh PN of thelqabing layarbndate riradfser Aihe compieet e by t he
met hod descri bed above. However, for the nere calculation of the thickness
of a singPatingelayersn teparlerdintedascoparefrresionlom apeciedphedonmetric
properties with a tol erance of about 10% the following formula 3 nay be
used, whvavelesndgieh pfee Fleomheidol il ttwlii ehbave be einrjiavdred bafibeehard m of
conpl ex index of refraction is 0 and when j=1 and ~---0. 16 (Formula 3)
nd = (k/#nto thel folbheving melcarrence fidmuleal amarbet viegmhef foheutanpl ex

i ndex of refraction of the single-layer film k is the order of
interference; and ~, is peak or valley wavelength.) 17 Exanpl es The
invention will be explained belowin nopre degtail bé r§t rence to Exanpl es,
but the seepeuDd 1he invention &oulg o, * 106K éT' B&J%onstrued as being
limted to these. EXAMPLE 1 (Pr Hdtloln qf Tktani(ﬁg‘#[ii_m ated Pernmal | oy
Powder) Sanple 1 Preparation of Buffer g Nairt aini ﬁg Suspended Base
Particle In deionized water were dissolved 29.8 g of potassium chloride
(manuf actured by Kanto Chem cal Co., d.; shika, first-class grade

chem cal) and 24.7 g of boric ag§d( fdce d by Kanto Chemical Co.,
Ltd.; shika, first-class grade chéni cgrl §ij 1 The Jiqui d anount was adj usted
to 1 L. Thus, a 0.4 nol/L potassiumchloride-boric acid m xture solution

(In the formula, Ry+1,4: amplitude reflection intensity
between the “j”th layer from the lowest layer and the layer
directly overlying the same,

j: integer of 1 or larger (j-1=0 indicates the base),

i: imaginary number unit,

ry+1,3: Fresnel reflection coefficient for the interface
between the "j"th layer from the lowest layer and the layer
directly overlying the same,

Ry,y-1: amplitudereflection intensitybetween the "j-1"th
layer from the lowest layer and the layer directly overlying
the same,

285: phase difference in the “j”th layer from the lowest
layer,

12



(hereinafter referred to as solution A) was obtai ned. Subsequently, 16.0 g
of sodi um hydr oxi de (manufactured by Kanto Chem cal Co., Ltd.; shika,
first-class grade chenmical) was dissolved in deionized water and the liquid
amount was adjusted to 1 L. Thus, a 0.4 nol/L sodi um hydroxi de sol ution
(hereinafter referred to as solution B) was obtai ned. Two hundred grans of
solution A was mxed with 80 g of solution B to prepare a buffer solution
for suspending base particle therein. This buffer solution for suspending

base particle had a pHof 9. 1 . In this buffer solution was suspended 18
30 g of a flaky:peesditiesy warrdengtir ade reflectre béuhdl | oy Fl ake;

manuf actured by Fukuda Foi|l & Powder Co., Ltd.) having an average particle
di aneter of 170i:4cemplerdwesdofi rafpactiencosithe dnithzépyRrckmrmack HRA
Type 9320- X100; manufactured by HONEYWELL Inc.). Thus, a buffer solution
cont ai ni e beaegtarta e, suspended t herei n was obtai ned. Preparation of
Dropping Liquid A yellow transparent sol ution containing peroxotitanic acid
(hereinafter referteickmess o dpei N”Ethqlaygr aomlrha hedeby haxemng 13.3 ¢
of a 20%titanium(I11) chloride solution (manufactured by Kanto Chem cal
Co., Ltd.; shilpa; hhgse-elfass qpradecilemcealon the 3 P@f 28jeanesha water
(manuf actured by Kanto Chem cal Co., Ltd.; shika, first-class grade
chem cal {he kowkd3. Bageof) 31% hydrogen peroxi de (nmanufactured by Kanto
Chem cal Co., Ltd.; special grade chemcal). This dropping liquid had a pH

of 10.0. Coati metMddy Tebanicbiiddaithe @heppimigs-disitt tha@s whele Yoadded
dropwise at a feed rate of 1.5 nml/mn to the buffer solution containing
suspendegh basea PaFd dCf £1 AT 19N gnt 8A91 EH&R £, §SHL 58RI RUE Ra @S

of the base particle are not particularly limited. However,

in the case where the particle shape is spherical, nearly

spherical, or irregular, a preferred method is to introduce

the value of Rfiar into the following formula 2:

(Formula 2)

R(A) = J:i sin 20 - R, (A,6)-d6

(wherein 0 indicates the angle of incidence to the outermost

layer) and determine the thickness of each coating layer so
that the value of R(A) becomes maximum or minimum at the desired
wavelength. To introduce the value of Rriat into formula 2 means
to correct the solution of formula 1 by approximating the
distribution of angles of light incidence on the
multilayered-film~coated powder to the distribution of angles

of light incidence on one coated hemisphere.
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aged for 2 hours. Thus, titania was yielded fromthe peroxotitanic acid in
the liquid and deposited on the surface of the base particle, whereby the
base particle were coated 19 wth a titania film After the aging, the
stirring was stopped to allow the particle in the suspension to sedinent,
and the supernatant was renoved. The supernatant was col orl ess and
transparent. The particle was further subjected to washing with deionized
wat er by decantation and then dried at 120C for 2 hours to obtain a titania

filmcoated perpall,0 owder . condition
a; f or sanplg tﬁ? ¥85%ana§%886% FEF'%%E%gﬁﬁﬁ%PTEF“%h§°8§§§gp ?Elel o
de d. t t d The t f th
EziﬁeBarﬁ?%%‘aleaépa%&%s;# B SB1RB ¥ qBra BBpELER: oA B sanpl s 1
to 6 are shown in Table 1. Table 1 liquid Annunt of base particl e suspended

and conp®iPEIRRLOR WPt PR - o§u9§§8u6§F9Vcl@aFB)%ﬁBEthofl%mtanlum

chl ori de solutlon (g)Anount of ammoni a_wat er q?Annunt of
is deposited on the base particle so as to result in the film

thickness determined by the method described above.

However, the following should be noted. 1In an actual
film-depositing operation for producing a
multilayered-film-coated powder, it is impossible to conduct
filmdeposition just to the thickness as designedwhile directly
monitoring the actual film thickness, as stated above. 1In
view of this, use may be made of a method in which in place
ofmonitoring filmthicknessduringa film—-depositingoperation,
the wavelength at which the reflection intensity for the object
coated with each coating layer is maximum or minimum is measured
with a spectrophotometer, and at the time when the wavelength
for maximum or minimum reflection reaches a value corresponding
to the target film thickness, the film-depositing operation
is terminated.

However, in the case where the base is a powder, the
relationship between the found value of the wavelength for
maximum or minimum reflection and film thickness changes with
the curvature of each coating layer, which depends on the shape
of theparticles and theparticlediameter. Thisposesaproblem
that when films are deposited so that the wavelength for maximum

orminimum reflection measured with a spectrophotometer becomnes
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hydr ogen peroxi de (g)Sanpl e 1408. 317. 18. 3Sanpl e 24013. 327. 313. 3Sanpl e
34016. 734. 216. 7Sanpl e 43016. 734. 216. 7Sanpl e 52016. 734. 216. 7Sanpl e
6416. 734. 216. 7 20 Eval uati on Results Spectral reflectance curves obtained
t hrough exam nation with a spectrophotoneter for
ultraviolet/visible/nearinfrared regions (Type V-570 with integrating
sphere Type | LN 472; manufactured by Japan Spectroscopic Co., Ltd.) are
shown in Fig. 1. The filmthicknesses cal cul ated from peak and bottom

wavel engt.hs i rves .sh in Fia.1 (assym.ng that, the real nunber
term of g{khee ﬂcao r%%]ch&a}%n‘ﬁee'x 0 eor}wgfhrea&l‘}lg% lba&ear %Glu_t@églg‘b— qqaﬁﬁ%ﬁ%"ﬁ@%ﬁd not
under gong, heat treatnent was 2,0) and the nmagnetizations as determned in
an appl i%d‘%&g‘hé’%é@?&%?%? n?tk%%o"‘élggescff’o%g? r?ggleggépnﬂfét%gi zations
in an applied netjc field of 1 kCe re neasured with a sanpl e-vibrating
magnet o %EPe@%éeﬁkmw/ﬁe&qtm : lﬁgﬁlﬁr&f%ﬁefbe%?s%%&&v%o%ﬁl%%kusho
Co., Ltd.). The filmthjcknesses were cal cul ated using the follow ng

equat i orfOFKPCL 9 based P8 thp crgyethgsef axsmcorting tanprexhhelex of
refraction of the titanic film k is the order of interference; and ~, is
peak or 4RRSRGS \@Iveihegitane cand digneter BT fthdikagresarhielt ated from
peak and bottom wavel engths in spectral reflectance curve and magneti zati on
in applied maghetihods &0rthis rorgectilom are eRhees themleidnet irbtedn in
applied magnetic field of 1 kOe (enu/g)Base particl es59. 6Sanpl e

14658. 4Sdhyptev 2645t 7iSamptef IRV . 130amH e 418681 6&dml Btz 8Sanpl e 6
98835.5 EXAMPLE 2 (Production of Titania Fil mCoated Spherical Iron Powder)
Sanpl e Icdueiay atdlacteid BakkepaBblalesnwOdnteaiati b SetpendedcBasén&articl e
Forty grans of a spherical iron powder (trade name, ES; manufactured by

BASF AQG 1dweit 1gnae vavreragel gaidd d £dfif aeeirg gebhd3tIoual (Feastheteby BASF
AG was suspended in the buffer solution for suspending base particles

obt ai nedbob ta f2x afipilne- do a ti povaidief ffelr pakuticoe g@oanwatsar ngoboset panticl e

suspended
measuring the actual thickness (dy) of each of the coating
layers of the film-coated powders for particle diameter
correction; examining each film-coated powder with a
spectrophotometer to determine the optical thickness (nd) of
eachof thecoatinglayersofeachfilm-coatedpowder forparticle
diameter correction; determining the ratio of the optical
thickness (nd) of each of the coating layers of each film-coated
powder for particle diameter correction to the product (ndw)
of the actual thickness of the coating layer and the real number
term (n) of complex indexof refraction, i.e., nd/ndy; multiplying
the ratio (nd/ndw«) by the value of 23; in recurrence formula
1 for determining multilayered-film reflection intensity to
correct the spectrophotometric properties of the powder having
the coating layers; and depositing the coating layers so as
to result in the corrected spectrophotometric properties.

15



therein was obtained. Preparation of Dropping Liquid A yellow transparent
dropping liquid containing peroxotitanic acid was obtained by mxing 10.0 g
of a 200 titaniun(ll1) chloride solution (manufactured by Kanto Chem cal 22
Co., Ltd.; shika, first-class grade chemcal), 20.5 g of 280 anmoni a water
(rmanufactured by Kanto Chemcal Co . , Ltd. ; shika, first-class grade
chemcal) , and 10 . 0 g of 31 o hydrogen peroxide (manufactured by Kanto
Chem cal Co., Ltd.; special grade chemical). This dropping liquid had a pH

of 10.0. Coati with Ti.tani a Fil he dr oppi.n i qui s, whol | y added
dropwi se at a ﬁg‘g&qg&tél y,ln_t%tm&#ﬂrtnbeatﬁgugﬁﬂzgg A&l i%l%m%/%? ni ng
suspende&@as ar ic%e with stirring, and the resultant m xture was aged
for 2 ho .O%hggf: 191 S SRS WA@Y T 8 Fhe betBxeP?EaRi ROWESES i n t he

liquid and deposited on the surface of the base particle, whereby the base
parti cl feParEdsteddimmpetr Cordsick ion aremateparhécudpndy tieitedrring was
stopped to allow the particles in the suspension to sedinment, and the
super nat drft 1fadawainredor §her se@aormeantr oddecoh brkrsss bydexamisiag ent . The
particles were further subjected to washing with deionized water by
decant at3&Ft xons t dehatné@domt ct20Cnbora2ticles tof cxc nfAlmitaated
filmcoated iron powder. Sanples 2 and 3 The sane conditions as for sanple
1 were uwsedlerxbeptpdoriche dioamasdt i omrodctien dropping |iquid. The
dropping liquid conpositions for sanples 1 to 3 are shown in Table 3. 23
Use of focusing ion beam (FIB) processing for the cutting
of particles of the film-coated powders for particle diameter
correction is preferred for the measurement of the actual
thickness (du) of each coating layer because the sections are
clear.
Subsequently, a multilayered-film-coated powder is
produced so that each coating film has the corrected
spectrophotometric properties determined by the method
described above.
For obtaining a bright powder colored in a desired tint
by coating with a light-interference multilayered thin film,
multilayer coating is preferably conducted by the method
described above. However, for the mere calculation of the
thickness of a single-layer film deposited on base particles
from spectrophotometric properties with a tolerance of about
10%, the following formula 3 may be used, which is derived

from formula 1 when the imaginary number term of complex index

of refraction is 0 and when j=1 and ¢=0.
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Tabl e 3 Conposition of dropping |iquid Armount of Amount of Anount

of tit ani umammoni ahydr ogenchl ori dewat er per oxi desol uti on(g) (9g) (g) Sanpl e

110. 020. 510. 0Sanpl e 215. 030. 815. 0Sanpl e 320. 041. 020. 0 Eval uati on Results
Spectral reflectance curves obtained through exam nation with a
spectrophotoneter for ultraviolet/visible/nearinfrared regions (Type V-570
with integrating sphere Type ILN-472; manufactured by Japan Spectroscopic
Co., Ltd.) are shown in Fig. 2. The filmthicknesses cal cul ated from peak
and bottom wavel engths in the curves shown in Fig, 2 (assum ng that the
real nunber terl®ogulige 3donpl ex i ndex oﬂdréfﬁkéﬂgﬁn of a titania film which
had not undergone heat treatnent was 2.0) and the magnetizations as
determ ned in an applied nagnetic field of 1 kOe are shown in Table 4. The
magneti zations in an applied magnetic field of 1 kCe were neasured with a
sanpl e-vi brat i dg}%’é@ﬁe&tﬁf@&@rr P RHENENF SAMNOIPEYREE N Afahhfazanp K by
Tamagawa Sei sakusho Co., Ltd.). The filmthicknesses were cal cul ated using
t he fol |owigry efumtimetion oinghe gAngletAayert fiélmeak hentlee amdem of the
conpl ex index of refraction of the titania film k is the order of

i nt er f erefhcinteriference peakd dt Valpgenk v el£Mgih.Wavielldeytth Bi | m t hi ckness
cal cul ated from peak and bottom wavel engths in spectral reflectance curve
and magneti zation in applied magnetic field of 1 kGe Filmthickness

(nm Magneti zation in applied magnetic field of 1 kCe (enu/g)Base

particl ed47.9Sanpl e 14647. 3Sanpl e 2640
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47. Sample 3 17 -1_ -- 45.1 EXAVMPLE 3 (Production of Permall oy Powder Coated
with Silica/Titania Two-Layer Filn) Sanple 1 Preparation of Dropping Liquid
for Coating with Silica FilmFive grans of sodiumsilicate (manufactured by
Kanto Chem cal Co., Ltd.; shika, first-class grade chem cal) was dissol ved
in deionized water, and the liquid anbunt was adjusted to 100 g. Thus, a
dropping liquid for coating with a silica filmwas obtained. 25

Preparation of Buffer Solution Containing Suspended Base Particle Forty
grans of _the sane flaky pernmall oy powder as that used in Exanple 1 was
suspendé%x?%pf%% buffer solution for suspending base particles obtained in
Exanple 1 . Thus, a buffer solution containing base particles suspended

therein was obtdt$ed*vedatahd Wikt Pesiadrda Eadnbriewirishfiarg 1955did  or
silica filmcoating was added dropwi se in an amount of 75.0 g at a feed
rate of RYFSHgLANTS Sotheamrikeor bysl the seareneii thed nyeapdnaeshoutad
particles with stirring, and the resultant mxture was aged for 2 hours .
Thus, siltPEa Ybsconesdedot ropmmsheueddiainPeing chiritedt e thesed and
deposited on the surface of the base particle, whereby the base particle
were coated with a silica film After the aging, the stirring was stopped
to allow the particles in the suspension to sedinent, and the supernatant
was renoVeMPIRE slBepdatbhonwdsT tiodmid €$3mafdatedrsparediicy Fhedpaiti cl es
were further subjected to washing with deioni zed water by decantation and
t hen drigamate120C for
Preparation of Buffer Solution Containing Suspended Base
Particle
In deionized water were dissolved 29.8 g of potassium
chloride (manufactured by Kanto Chemical Co., Ltd.; shika,
first-class grade chemical) and 24.7 g of boric acid
(manufactured by Kanto Chemical Co., Ltd.; shika, first-class
grade chemical). The liquid amount was adjusted to 1 L. Thus,
a 0.4 mol/L potassium chloride-boric acid mixture solution
(hereinafter referred to as solution A) was obtained.
Subsequently, 16.0 g of sodium hydroxide (manufactured
by Kanto Chemical Co., Ltd.; shika, first-class grade chemical)
was dissolved in deionized water and the liquid amount was
adjusted to 1 L. Thus, a 0.4 mol/L sodium hydroxide solution
(hereinafter referred to as solution B) was obtained.
Two hundred grams of solution A was mixed with 80 ¢
of solution B to prepare a buffer solution for suspending base
particle therein. This buffer solution for suspending base

particle had apHof 9.1. 1In this buffer solution was suspended
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2 hours to obtain silica filmcoated permall oy powder. Preparation of
Dropping Liquid for Coating with Titania FilmA yellow transparent dropping
liquid for titania filmcoating which contained peroxotitanic acid was
obt ai ned by 26 mxing 5.0 g of a 20%titaniun(l11) chloride solution
(manuf actured by Kanto Chem cal Co., Ltd.; shika, first-class grade

chem cal), 10.3 g of 280 ammoni a water (manufactured by Kanto Chem cal Co .
, Ltd. ~ shika, first-class grade chemical ) , and 5. 0 g of 31 o hydrogen
per oxi de_ (manuf act ured by Kanto Chem cal Co., Ltd. special grade chemcal).
This dr oppihdF i guf b Raderp sy pwder epzade itanes Buffermadol i i on
Cont ai ni ng Suspended Silica FilmCoated Powder Thirty grams of the silica
film coaff]g%k?)bmuﬁ?ﬁtd%% biynFakydapFeek o ilsegiegheve r wasdsusprnitd in t he
buffer solution for suspending base particles obtained in Exanple 1. Thus,
a buf f eran@vetiage ranta¢he Wy anedegi bECE 4 hm e surgpdwdéh saspenbed
therein was obtained. Coating with Titania Film The dropping liquid for
titani a §izenaoetyseyr WHscnoinidok dfdedypeopdlfeXadOa herdfaatered Hy. 5
m./mn to the buffer solution containing the suspended silica fil mcoated
powder VIONEWWELL i Tvge . and THhes,r es Wuffdr Modlutienasmedc iher baskours .

Thus, titania was yielded fromthe peroxotitanic acid in the liquid and
deposi t gshoti dhe suspacte@f thdeebnlwga dbtaigeoat ed powder, whereby the
silica filmcoated powler was coated with a titania film 27 After the
aging, the stirring was stopped to allow the particles in the suspension to
sedi nent, and the supernatant was renoved. The supernatant was col orl ess
and transpas£ritidheoPantdshesgeiguidrther subjected to washing with

dei oni zed water by decantation and then dried at 120C for 2 hours to obtain

a permal | oy povdek148at efaMbirén6iddI1Ga! tdr @Bh%a&mnbzy@foiétmaml es 2,
3, and 4 The sane conditions as for sanple 1 were uséd, except

acid (hereinafter referred to as dropping liquid) was obtained

by mixing 13.3 g of a 20% titanium(III) chloride solution

(manufactured by Kanto Chemical Co., Ltd.; shika, first-class

grade chemical), 27.3 g of 28% ammonia water (manufactured

by Kanto Chemical Co., Ltd.; shika, first-class grade chemical),

and 13.3 g of 31% hydrogen peroxide (manufactured by Kanto

Chemical Co., Ltd.; special grade chemical). This dropping

liquid had a pH of 10.0.

Coating with Titania Film

The dropping liquid was wholly added dropwise at a feed
rate of 1.5 mL/min to the buffer solution containing suspended
base particle with stirring, and the resultant mixture was
aged for 2 hours. Thus, titania was yielded from the
peroxotitanic acid in the liquid and deposited on the surface

of the base particle, whereby the base particle were coated
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for the conposition of the dropping liquid for coating with a titania film
The conpositions of the dropping liquids for titania filmcoating for
sanples 1 to 4 are shown in Table 5. Table 5 Conposition of dropping |iquid
for titanic filmcoating Amount of Anount of Anrount

of ti t ani umammoni ahydr ogenchl ori dewat er per oxi desol uti on(g) (g) (9) Sanpl e

15. 010. 35. 0Sanpl e 26.713. 76. 7Sanpl e 38. 317. 18. 3Sanpl e 410. 020. 510.0

Eval uation Results Spectral reflectance curves obtained through exam nation
with a pe%}r\oé) torreter for ultraviolet/visible/nearinfrared 28. regi ons
(Type VY5 rf&t%“hg sphere Type | LN-472; manufactured by Japan
Spect roscopi c Co are shaown Fig. 3. The t hi cknesses of the filns
wer e cal cul at ea‘fﬁﬁrsEBFe?:‘ﬂrﬁ% tt%ee &Wésl gnwtaﬁesFPBH? £9 & W% ting to
val ues of spectral reflectance curve cal cul ated based on the Fresnel theory
on the e&%ﬁﬁﬁﬁ]i%nmc Hate tHESRBWHBX tnhaedigrentef ad ithe STURHE IS Hal | oy was
2.1-4.0i, which is equal to that of nickel, the real nunber term of the
conpl ex WaRi&ensvadsf r 3bei SHPBFNAKANt| ¥as L9 10% e andhdd afsoaliaidi gone heat
treatment was 1.5, and the real nunber term of the conplex index of
refraction of {The petgdicdef Wwem WhirthelragduhdectindeitgoWeshéay wight nent was
2.0. The calcul ated values of filmthickness and the magneti zations as

det er mi rdbeli ami za appit e e b yredprEnitta tficel damsf thekOslraires] o2 09C Tt e 6. The
magneti zations in an applied magnetic filed of 1 kOe were neasured with a .
sanpl e- & i@l g oregned oired eri t(akyijpe TNASMEIed RGN 1 Ingnyfaeiar ed by
Tanmagawa Sei sakusho Co . , Ltd. )

Samples 2, 3, 4, 5, and 6

The same conditions as for sample 1 were used, except
for the amount of the base particle suspended and the composition
of the dropping liquid. The amounts of the base particle

suspended and the dropping liquid compositions for samples

1 to 6 are shown in Table 1.

Table 1 Amount of base particle suspended and composition of dropping

liquid
Amount of base | Amount of Amount of Amount of
particle titanium chloride | ammonia hydrogen
(9) solution water peroxide
(9) (9) (9)
Sample 1 40 8.3 17.1 8.3
Sample 2 40 13.3 27.3 13.3
Sample 3 40 16.7 34.2 16.7
Sample 4 30 16.7 34.2 16.7
Sample 5 20 16.7 34.2 16.7
Sample 6 4 16.7 34.2 16.7
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29 Table 6 Filmthickness cal cul ated from peak and bottom wavel engths in
spectral reflectance curve and nagneti zation in applied magnetic field of 1
kCe Fil mvagnetization in appliedthicknessmagnetic field of 1

kOGe(nm) (enu/ g) Base particle59. 6After coating with6157.5silica film as
firstlayer(for each sanpl e)Sanpl e 12456. 2Sanpl e 23255. 8Sanpl e 34555. 2Sanpl e
45654. 7 EXAMPLE 4 (Production of Titania Fil m Coated Cal ci um Carbonate
Powder) Sanple 1 Preparation of Buffer Solution Containing Suspended Base
Parti cl avy cal ci um carbonate powder (trade name, Tankaru
F#300; %%%%%ﬁé%d&%@ﬁ\ﬁft etsu Mning Co . , Ltd. ) having a lightness L*
of 96. 74 (neasured w.th ect rophot oneter Type V-570 for ) )
uItravioIet/vigﬁbcgﬁﬁ&ﬂefiéqgﬁ% FEﬁVSﬁQ%téé8F8§§HQMQW@¥%W%Eﬁ%&?%g spher e
Type ILN-472; manufactured by Japan Spectraqscopic Co., Ltd.) was suspended
in the bltFes %%}ﬁ%ﬁmt&m%%%fpéﬂai%r@é[slglﬁé/ﬁl@ﬂ@l@dt%aﬁewﬁmmnm e 1.
Thus, a buffer solution containing base particles suspended therein was

obt ai nedt€3b°ns plEgRrati-or CofWiklbphnhgIratind Arhereow wreanEllr €R2/ dr oppi ng
| i quid containing peroxotitanic acid was obtained by mxing 15.0 g of a 200
titani urfdrrEfachired dev stARAR oFP ¢ Fakes aeR 1 &b by Katt b ©hensleevn Con, Ltd. ;
shika, first-class grade chem cal), 30.8 g of 28~ ammoni a wat er

(manuf ackt¥edl by Kanto Chemical Co . , Ltd. ; shika, first-class grade
chemcal) , and 15.0 g of 31% hydrogen peroxi de (nmanufactured by Kanto
Chemical Co., [t ;fislyeditalckyresies ©heioal §ted hf sondroggpk ngnd i lgoit tlohad a pH
of 10.0. Coating with Titania Film The dropping liquid was whol | y added

dr opwi sewave hefigielts riat echof chirsrad /shiowrt dnt ¢ gbuflf ¢assahihiyobhgdntiaé ni ng
suspended base particle with stirring, and the resultant m xture was aged
for 2 hooesl nlimker tétmmifatheconEladedntieamt ke rpacexeh dari €ieghdain the

|l iquid and deposited on the surface of the base particle, whereby the base
parti cl ef iveh evieer @thiridt anlddrajping hica tAbhenehiRewadi ngo) t hgasth&ri ng was
stopped to allow the particle in the suspension to sedinent, and the

super nat@édnetizations as determined in an applied magnetic field of
1 kOe are shown in Table 2. The magnetizations in an applied
magnetic field of 1 kOe Qere measured with a sample-vibrating
magnetometer (Type TM-VSM1014-MRO-N; manufactured by Tamagawa
Seisakusho Co., Ltd.). The film thicknesses were calculated

using the following equation.

nd

il

k/ 4\

(n is the real number term of the complex index of

refraction of the titania film; k is the order of interference;

and A is peak or valley wavelength.)
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was renoved. The supernatant was col orless and transparent. The particles
were further subjected to washing with deionized water by decantation and
then dried at 120C for 2 hours to obtain a titania filmcoated cal ci um
carbonate powder. 31 Eval uati on Results The anpbunt of the titania film
deposited was 10 wt % The lightness L* obtained through exam nation with a
spectrophotoneter for ultraviolet/visible/near infrared regions (Type V-570
with integrating sphere Type ILN472; manufactured by Japan Spectroscopic

anﬂelr_t dTablees Qﬁmﬁﬁlckhaggéérchﬁdé%?\%hi ﬁ@Q{ bhd Y:owrﬂ \ké\Péﬂ}Qh@pE j ™ coated
powder alfed2f /ISR L RYe AnaHEaAt2an5n 34050l '%ﬁmﬂﬁﬂﬂ 8k ot €88 nar y

t enperatjure of fromb5 to SOCFWmlth@kRe&'pl ng |Magrstizption irchepliEdspenslion in a
neutral lor weakly al kaliine staternmih a pH OPnégn%ﬁb?ne(b 01 p@eo and t hat

even whgn an iron pomder, which I's highly corrodlbl ! /aCI envi rionnent s,
or the | rSs—used—as e—tht-s—base—eghi—be—coat h Wi t hout
alterin Tﬂih@ AEHﬁdﬁﬁrthernDre n itdnia fil m dbed powder jand
process |f or Paowhleiing the same o#46t he i nventi on, basqganhlch di ssgl ve away
under agid cgngﬂégns with a pH By > Or Touer, such gal ci um
car bonatfe;—tdn o ﬁbcu as—the ua? pat-t+-et-6 hf‘“:f‘m i 0 nomderc nd the

li ke whilch—aP8MR'@Rly corrodible §n acid_envi ronnents57§2 daing 1. A
titania lfil nSempled powder conpri@8 ng a base particl e581@vi ng provilded
thereon jat | gapiple®e tifania filmgwherein|the base Qﬂiglcle iS coated with

the titgnia &l SusSpendi g tHE;, basepartticte—in Her—sotuti on
havi ng pH §. k’?)é +—0-+-o 12.90 9%3 obt-al t\, 8 lepﬂnmgﬁjgand addi ng a

hydr ogen peroxi de-anmoni a m xture sol ution containing peroxotitanic acid to
the suspension to thereby regulate a titania deposition reaction induced by
deconposEXANMPLE(2 t heerlu@taldn ¥ ¢ikehdal FilhecsHeRANSHRAAridal THELI tani a
filmcoated powder according to claim1, wherein the hydrogen

per oxi depgw@®Aj a m xture sol ution containing peroxotitanic acid has a pH of
from7.0 to 12.0. 3. The titania fil mcoated powder according to claiml1,
wherein ghgstétania filmon the base particle has a thickness of from10 to
1,000 nm 4 . A process for producing a titania fil mcoated powder

conpr i S'ﬁﬁe@a:@é@forﬁ)aéf'ﬁﬁ?f@@vé@ﬂuf’ | g dNerON dlplf0d RO 1t ani a
film which conprises suspending a ase par e R er-Sof uti on
having appH-pf1drom 7.0 to 12.0 to obtain a suspension, and adding a

hydr ogen peroxi de-ammoni a m xture 33 solution containing per oxotitanic

acid to the SUSRY 5% tQ@reQ%ﬂ{qg%{ f%&lta. %ﬁ%? tion reaction

i nduced by deconp |t|on of 't he peroxo ani ¢ & |on, and
to coat ghenOangpantLasy #hih A higthg £ é%régelo%ert%c‘i%eéfa&é’{eﬁr oducing
of 3.3 pm (measured by BASF AG) was suspended in the buffer

solution for suspending base particles obtained in Example

1. Thus, a buffer solution containing base particle suspended

therein was obtained.

Preparation of Dropping Liquid
A yellow transparent dropping liquid containing
peroxotitanic acid was obtained by mixing 10.0 g of a 20%

titanium(III) chloride solution (manufacturedbyKanto Chemical
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powder according to claim4, wherein the hydrogen peroxide-anmonia m xture
sol ution containing peroxotitanic acid has a pHof from7.0 to 12.0. 6. The
process for producing a titania filmcoated powder according to claim4,
wherein the titania filmon the base particle has a thickness of from10 to
1,000 nm 34
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2 3r1r ~ @#10% -10%& ()-!10%& ()- 10H 10H 10H, s10%4&' ()-!
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1 10%4&' ()- 10H 10H 10H;
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0%&' () - FFlO%—l& ()-,110%4& () - &MLO%& () - _
10%1&() nb 10% 91 109448 () ~.& +: 1 109%44&' ()-f)9! 10%44&' ()- ' 9! 10%4& () -
| %G00 Tb\' | 169pposition Af ko % 10H 10H
10H<s 109448’ () - &510AtRLA) oR3z 10oAHBOGNLAEL | Amount of
1094 ()|- & & 10%H t{tani€ds dEYN n@d 1008#drdgert 0AH& () - 0% () -
10944& ()- 10%4& () - 109 () -°

@& 1098 () - &&! | ! 1 () - &38! '()-,9Ipﬁ5%83() Ry 109%44& () -! 10%4& () - @
. dEYNCS#10% solution (9) (9)

&y/ ! 1094H& () - s- M 10%H& (9)- Y+10%H& () - &S) ! 10%H& () - &L' § 10%4& () - &F% ! 10%44& (
) -, txnb 1044&0 OH 10 T

s10%4& (N=95 S] & 40 do%'& =9 Pio% g "1%%. EADCSH109% y10%4&' () - &&! 1
0%H& () - 73L& 109 ()=9u100 8) - 1

f 10944& (|)SanepldBrblcS#1009) #1 10948 (41.8! z10p4& 2.0
10948 () - S10%& () - & T 109 () - 10%& ()- V& dERDCSFT0% 9f / - 1 10%4& () - &L- &
109448 () - OF+M 10%4& ()- & ) ! 10%4& () - &&' & 10944&’ () - 3% 10%&’ () - ] dYNCS#109%

Evaluation Results

Spectral reflectance curvesobtained throughexamination
wiuiaspectrophotometerforultraviolet/visible/nearinfrared
regions (Type V-570 with integrating sphere Type ILN-472;
manufactured by Japan Spectroscopic Co., Ltd.) are shown in
Fig. 2.

The film thicknesses calculated from peak and bottom
wavelengths in the curves shown in Fig. 2 (assuming that the
real number term of the complex index of refraction of a titania
film which had not undergone heat treatment was 2.0) and the
magnetizations as determined in an applied magnetic field of
1 kOe are shown in Table 4. The magnetizations in an applied
magnetic field of 1 kOe were measured with a sample-vibrating
magnetometer (Type TM-VSM1014-MRO-N; manufactured by Tamagawa
Seisakusho Co., Ltd.). The film thicknesses were calculated

using the following equation.
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10H 10H 10H; s10%4& () -L7! 10%4& () - 95M 10%H&' () - 9s3M 10% () - 91 1M 10%&' () -
D'} dEYNCS#10% L@LOY%& ()-3 109%& ()-, 1096& ()-9! 10%& () -

109%6& ()-10%& ()-! ""##$$aBYNCS#10% 1! 10%& ()- / @O0%&' ()- & 10%& () -
FI10%& ()- !'FI10%}& ()- &@109%B& ()-$*% % % % %eBOOCSHI09% 100 & ()- f
10% & ()-10% & ()- 105 105 105;

s109%& ()-&910%& () - Y&@} &&&0' dELCS#109% 3L! 10% & () -, L' 10% & () - &L! 10% &' (
)- LI10% & ()-f10N & ()-910% & ()-0'n""" ! (T((dEbCS#10% YYM 10% & () - S#

10 & ()-&LT10% & ()-&Y: 1100 & ()-SM10% & ()-L9'10% & ()-(()D)))) dEbCS#10%
19110% & () - & hd159k€4d)-9-g 100 & ()-8 +1 10% & ()-9y)' 1 10% & ()-&"

1004 & () -)*| *****x**dYNCS#109% 10\ 10\ 10\;s10% & ()-9

10% & ()-L7'10% & ()-95:110% & ()-310% & () - *++F++++dEYNCS#10%

L&L1O%H& ()-110%4& ()-L! 10%4& () -yl0%K ()- 310%& () -

109%4& () -+, E, , (p- idEVYNESH28W nuink&0YERY M) o&FLhe0eeBblex, index of
10944&' () -99! 10%4& () - !10%& ()- 10%K ()---h--../2Z/ dEYNCS#109% 5

1098 ( )re&3dciinn’o ) tHe T0%Ei@) £ RIGMKLOYH € order of interference;

&Y 109%1&' () - SH&! 10%1&' ()-2//1111/ 0GbCS#10% M 10%& ()-& 109%6& ()- 10H
10H 10HESH W& o Joedk B I(Dey’ wh ¥t H0000112dEbCS#10%8

@O0%& ()-&M 10%& ()-glo%b& ()-9GL0%& ()-& ! 109%& () -99g

1096&' () -2>2y222+3g3dELCS#10% 9f ) M 109%B& ()-9 'z 10%& ()-9Y%

1096& ()-9S#! 1096& ()-&L! 109%%& ()-9F 109%&' ()-g3334U444dEDCS#10% 5,

10968 ()Tabbe 41d8ipa thirknassicaigdaied-from peak and bottom wavelengths in

/'y109%6& spiciral refldefémde (Curdd and hidign&tizatidh PPapiedatdy s ¥ Pkoe

Film thickness (nm) Magnetization in applied
magnetic field of 1 kOe
(emu/g)
Base particle 47.9
Sample 1 46 47.3
Sample 2 64 47.0
Sample 3 79 451

EXAMPLE 3 (Production of Permalloy Powder Coated with

Silica/Titania Two-Layer Film)

Sample 1

Preparation of Dropping Liquid for Coating with Silica Film
Five grams of sodium silicate (manufactured by Kanto

Chemical Co., Ltd.; shika, first-class grade chemical) was

dissolved in deionized water, and the liquid amount was adjusted

to 100 g. Thus, a dropping liquid for coating with a silica

film was obtained.
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L'10%& ()- f109%4& ()- 105 105 105;
10%& ()-L9 10%& ()-L7 !'109%& ()-066667R77dEDCS#10% & 109%H& () - 9! 109&' () -
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109%0& ()-109%& () - ??AA5Ar AAaBYNCS#10% 91 +' 1 109%&' () - y) ! 10%& ()-! S#
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& 1109586 [t Don! ¢6EDAIL 1) nEALEEE DIPDITDESHINSH AN & K@ r 1A Wi&s () - 910% & (
)-9"110% & ()-9'110% & ()-&
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10% & () - HHHHH I~IIbCS#10@69'10@5&T() 9'10@5&T()- 91 109%6&' ()- 10%& () -

10" 10" 10": g5 lica il i
1006 & () - 11731 IR Ao s Ishet 8 P L o dd &7 $oRF 1896 477) 298584 () - 10

T
R A PR AR B A e

with stirring, and the resultant mixture was aged for 2 hours.
Thus, silica was yielded from the sodium silicate in the liquid
and deposited on the surface of the base particle, whereby

the base particle were coated with a silica film.

After the aging, the stirring was stopped'to allow the
particles in the suspension to sediment, and the supernatant
was removed. The supernatant was colorless and transparent.

The particles were further subjected to washing with
deionized water by decantation and then dried at 120°C for
2 hours to obtain silica film-coated permalloy powder.
Preparation of Dropping Liquid for Coating with Titania Film

A yellow transparent dropping liquid for titania film

coating which contained peroxotitanic acid was obtained by
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Preparation of Buffer Solution Containing Suspended Silica
Film-Coated Powder

Thirty grams of the silica film-coated powder obtained
in a step described above was suspended in the buffer solution
for suspending base particles obtained in Example 1. Thus,
a buffer solution containing the silica film-coated powder

suspended therein was obtained.

Coating with Titania Film

The dropping liquid for titania film coating was wholly
added dropwise at a feed rate of 1.5mL/min to the buffer solution
containing the suspendedsilica film-coatedpowderwithstirring,
and the resultant mixture was aged for 2 hours. Thus, titania
was yielded from the peroxotitanic acid in the liquid and
deposited on the surface of the silica film-coated powder,
whereby the silica film-coated powder was coated with a titania
film.
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Samples 2, 3, and 4

The same conditions as for sample 1 were used, except
for the composition of the dropping liquid for coating with
a titania film. The compositions of the dropping liquids for

titania film coating for samples 1 to 4 are shown in Table

5.

Table 5 Composition of dropping liquid for titania film coating

Amount of Amount of Amount of
titanium ammonia hydrogen
chloride water peroxide
solution (9) (9)

(Q)
Sample 1 5.0 10.3 5.0
Sample 2 6.7 13.7 6.7
Sample 3 8.3 17.1 8.3
Sample 4 10.0 20.5 10.0

Evaluation Results

Spectral reflectance curves obtained throughexamination

with a spectrophotometer forultraviolet/visible/near infrared
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%4098 & 0% 1 10% & ()- _y109% & ()-
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the curves in the fiqure to curve fitting to values of spectral
reflectance curve calculated based on the Fresnel theory on
the assumption that the complex index of refraction of the
permalloy was 2.1-4.0i, which is equal to that of nickel, the
real number term of the complex index of refraction of the
silica film which had not undergone heat treatment was 1.5,
and the real number term of the complex index of refraction
of the titania film which had not undergone heat treatment
was 2.0.

The calculated values of film thickness and the
magnetizations as determined in an applied magnetic field of
1 kOe are shown in Table 6. The magnetizations in an applied
magnetic filed of 1 kOe were measured with a sample-vibrating
magnetometer (Type TM-VSM1014-MRO-N; manufactured by Tamagawa

Seisakusho Co., Ltd.).
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i A A SR S

o) i, 8 Madhate f6id 1) kO
10% !} & () ttuuu&u u, ueI ) Film Magnetlzahon in apphed
thickness magnetic field of 1 kOe
(nm) (emu/g)
Base particle 59.6
After coating with 61 57.5
silica film as first
layer
(for each sample) .
Sample 1 24 56.2
Sample 2 32 55.8
Sample 3 45 55.2
Sample 4 56 54.7

EXAMPLE 4 (Productionof Titania Film-Coated Calcium Carbonate

Powder)
Sample 1
Preparationlof Buffer Solution Containing Suspended Base
Particle

Ten grams of a heavy calcium carbonate powder (trade
name, Tankaru F#300; manufactured by NittetsuMining Co., Ltd.)
having a lightness L* of 96.74 (measured with spectrophotometer
Type V-570 for ultraviolet/visible/near infrared regions,
equipped with integrating sphere Type ILN-472; manufactured
by Japan Spectroscopic Co., Ltd.) was suspended in the buffer
solution for suspending base particle obtained in Example 1.
Thus, a buffer solution containing base particles suspended

therein was obtained.
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titanium(III) chloride solution (manufacturedbyKanto Chemical
Co., Ltd.; shika, first-class grade chemical), 30.8 g of 28%
ammonia wat.er {(manufactured by.Kanto Chemical Co., Ltd.; shika,
first-class grade chemical), and 15.0 g of 31% hydrogen peroxide
(manufactured by Kanto Chemical Co., Ltd.; special grade

chemical). This dropping liquid had a pH of 10.0.

Coating with Titania Film

The dropping liquid was wholly added dropwise at a
feed rate of 1.5 mL/min to the buffer solution containing
suspendedbaseparticlewith stirring, and the resultant mixture
was aged for 2 hours. Thus, titania was yielded from the
peroxotitanic acid in the liquid and deposited on the surface
of the base particle, whereby the base particle were coated
with a titania film.

After the aging, the stirring was stopped to allow the
particle in the suspension to sediment, and the supernatant
was removed. The supernatant was colorless and transparent.

The particles were further subjected to washing with
deionized water by decantation and then dried at 120°C for

2hours toobtainatitania film-coatedcalciumcarbonate powder.
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producing the same of the invention have advantages that a

film-formingreactioncanbe conductedat anordinarytemperature
of from 5 to 50°C while keeping a base particle suspension
in a neutral or weakly alkaline state with a pH of from 7.0
to 12.0, and that even when an iron powder, which is highly
corrodible in acid environments, or the like is used as a base,
this base can be coated with a film without altering the base.

Furthermore, in the titania film-coated powder and process
for producing the same of the invention, bases which dissolve
away under acid conditions with a pH of 5 or lower, such as,
e.d., calciumcarbonate, canbe used as the base particlebesides
“iron powders and the like which are highly corrodible in acid

environments.
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1. A titania film-coated powder comprising a base
particle having provided thereon at least one titania film,
wherein the base particle is coated with the titania
film by suspending the base particle in a buffer solution having
a pH of from 7.0 to 12.0 to obtain a suspension, and adding
a hydrogen peroxide-ammonia mixture solution containing
peroxotitanic acid to the suspension to thereby regulate a

titania deposition reaction induced by decomposition of the

peroxotitanic acid in the suspension.

2. The titania film-coated powder according to claim
1, wherein the hydrogen peroxide-ammonia mixture solution

containing peroxotitanic acid has a pH of from 7.0 to 12.0.

3. The titania film-coated powder according to claim
1, wherein the titania film on the base particle has a thickness

of from 10 to 1,000 nm.

4. Aprocess for producing a titania film-coated powder
cbmprising a base particle having provided thereon at least
one titania film, which comprises suspending a base particle
in a buffer solution having a pH of from 7.0 to 12.0 to obtain

a suspension, and adding a hydrogen peroxide-ammonia mixture
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5. The process for producing a titania film-coated

powder according to claim 4, wherein the hydrogen
peroxide-ammonia mixture solution containing peroxotitanic

acid has a pH of from 7.0 to 12.0.

6. The process for producing a titania film-coated
powder according to claim 4, wherein the titania film on the

base particle has a thickness of from 10 to 1,000 nm.
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